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ABSTRACT

An apparatus 1s described that can be used to cobtain data for
evaluation of the health hazard to personnel who directly contact a sur-
face contaminatcd with tritium. The sampling component is a small glass
roller wrapped with a strip of filter paper dampened with ethylene gly-
col. It is rolled over the contaminated surface to sample the activity.
The sampling apparatus has adjustments to vary the surface contact time,
the area of surface sampled, and the pressure applied. After a run, the
contaminated roller is dropped irmmediately after contact with the sur-
face into a counting vial containing a scintillant solution, and the ac-
tivity is assayed. The apparatus is small enough to be operated in s
conventional glove box.

The precision of the measurements i1s influenced by the texture of
the surface sampled. Precision measured on a smooth optical quartz sur-
face using a nonvolatile tracer, leh3, as a contaminant was determined
lo be + 2 %. The precision for tritium sampling from a relatively coar-
ser, nonuniform metal surface was approximately + 2% %.

The apparatus can be used to study the rate of tritium desorbed
from the surface, which allows estimation of the cumulative hazard effect
of multiple contacts with the surface during the desorption period.
Representative samples of metal surfaces exposed to tritium show that
after exposure, desorption is exponential, decreasing to an'equilibrium"
amount within a few hours. Multiple contacts with these desorbing sur-
faces did not seem to significantly alter the desorption process.




SUMMARY

The Problem

To design, construct and evaluate an apparatus that can be used to
measure the factors required to reproducibly determine the amount of
tritium activity removed from e contaminated surface by direct contact
with the surface.

The Apparatus

An apparatus has been constructed to uniformly and reproducibly
sample a fiat firm surface, PFactors such as area sampled, contact time
and contact pressure can be regulated and varied. Surface-contact de-
sorption phenomena can be determined by repeated sampling of a given
area of surface as & function of time,

}indgggs

The precision of replicate measurements was 2 % for an extremely
smooth surface such as otical quality quartz using a non-volatile acti-
vity, 143, ror relatively coarser nonuniform surfaces such as metals
the precision for tritium removal is + 25 %. The tritium activities
were assayed by iiquid scintiilation counting techniques.

Tritium was found to desorb exponentially from variocus unpainted
and painted surfaces. A desorption equ’librium was attained within a
few hours for all the surfaces investigated. Numerocus physical contacts
of the surface during desorption did not significantly affect the de-
sorption process.
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INTRODUCTION

The adsorption of tritium gas on various surfaces and the conse-
quent health hazard to personnel who might contact these surfaces has
been of concern to this laboratory for several years. It is well known
that when cobjects or materials are exposed to an enironment containing
tritium, their surfaces become contaminated.

In order to determine how much activity is adsorbed on and desorbed
fram these materials, conventional sorption studles are required. 1In
addition to the determination of sorption phenomena, studies of the
amount of activity removed by direct contact with the surface are neces-
sary to determine the hazard involved.

The principal impediment to performing these measurements has been
the laclk of proper sampling instrumentstion. A swabbing technique was
developed some time ago.l That technique did not provicde the reproduci-
bility needed to intercompare samples taken consecutively over tle same
area of contaminated surface. Furthermore, an intercomparison of the
surface contact desorption process between surfaces of different materi-
als and coatings was difficult with the swabbing technique.

This report describes and evaluates an apparatus which can be used
to measure the smount of activity that would pe removed from a contamina-
ted surface by directly contacting the surface., These measurements make
possible studies of surface contact desorption that would provide infor-
mation for assessing situations where perscnnel health hazards may exist.
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APPARATUS AND PROCEDURE

The apparatus consists of three basic parts; (1) the support frame,
(2) the carriage and (3) the sampling rollecs. The complete apparatus
is shown in operation in Fig. 1. The principle of the apparatus will be
presented by describing a measurement on a typical sample.

The surface to be sampled (in the present case a plate 3 x 10 X 1/k
in.) 1is exposed for a specific time to a known concentration of tritium
in an exposure system shown in Fig. 2. The contaminated plate is then
remcved and placed on the sample plate holder on the base of the support
frame (Fig. 3).

The sample plate holder is designed so that only four points of the
contaminated surface &re contacted. This feature permits sampling of
both sides of the plate without cross-contamination. The support pins
are spring-loaded to keep the plate surface at a fixed level with respect
to the sampling roller.

A strip of No. 42 Whatman filter paper is wrapped tightly around the
glass roller and is fastened to the roller by a glass insert that holds
the ends of the paper in a slot in the roller (Fig. 4). After assembly
the roller is dipped in ethylene glycol and blotted to dampness. A sup-
ply of assembled rollers can be stored urder ethylene glycol for later
use (Fig. 5). The pertinent glass roller data is summarized in Table 1,

TABLE 1

Pyrex Glass Roller Data

Roller Diameter 1.00 cm
Roller Body length 2.00 om
Pyrex Glass Insert Thickness 0.13 cn
Effective Sample Length per Revolution 3.01 em (3.14-0.13)
Effective Sample Area per Revolution 6.02 cm?
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Fig. 1 Apparatus in Operaticn. The sampling roller is being rclled
across a strip of contaminaved painted steel plate.
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Preparatory to sampling, a roller is placed in position on the bot-
tom of the carriage (Fig. 6) and secured by means of the roller retainer.
The carriage and its lsteral support rods are rigidly suspended perpen-
dicularly from two stainless steel guide rods and a two-~way drive screw
{Mg. 1). The lateral support rods (Fig. 6) allow for lateral position-
ing of the carriage such that three adjacent strips can be sampled (con=-
gsecutively) on one side of the contaminated plate. Two indents on the
lateral support rod serve to reproducibly position the sampling roller
over adjacent strip positions.

The guide rods and the two-way drive screw are mounted on the alumi-
num support frame. The two-way drive screw is driven by a small variable
speed motor which is started by a manual microswitch. The "Speedmate”
motor used was able Lo drive a carriage over the sample plate at speeds
rangig from 0.50 toc 10 cm/sec. Two other microgswitches wired to the motor are
mounted at opposite ends of the aluminum support frame. They are norm-
ally closed duriig movement of the carrisge. One or the cother is opened,
thereby shutting off the motor when depressed by the carrisge as it comes
against the support frame at the end of a run. The manual switch is agfin
needed to restart the drive motor.

The glass sample roller is lowered to the surface of the contaminated
sample plate by a unique cam mechanism shown in Fig. 7. This mechanism
also 1ifts the sample roller off the plate surface after the run. The
positions where the rcller is lowered onto and lifted off the plate can
be selected by positioning the cam actuators along a bar that exterds
the horizontal length of the support frame (Figs. 3 and 11).

When the sample roller has contacted the plate surface and reached
the end of the frame, at the end of a run, the roller retainer is opened
manually (Figs. 3 and 8) and the roller drops directly into a counting
vial containing scintillant solution. The time elapsed between comple-
tion of surface sampling and immersion of the contaminated roller in the
scintillant solution is less than 5 sec. The counting sample is shown in
Fig. 2. A dioxsne scintillant solution? is used for tritium determina-
tion. The formula itcr this solution is presented in Table 2.

The weight that the glass roller exerts on the sample surface is
determined by & spring-loaded mechanism on the roller carriage. The
spring tension can be varied over a limited range by means of a thumb
screw {Fig. 6). The overall range can be changed by replacing the springs
with others of different tension. A contact weight range of 1,50 to 5.0
1b was evailable using the apparatus described in this work. A wveight of
5 1b was arbitrarily chosen for the contact runs presented. The surface
contact rate used was 2.2 cm@/sec and the contaminated ares contacted per
sample wos 1.4 cm@.
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Mg. 6 loading the Glass Roller. The left hand is used to hold open
the roller retainer (out of view behind the rider; see Fig. 3). The
tinmb screw on the rider above the roller bracket is used to adjust the

weight of the roller against the plate.
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TABLE 2

Formla for Scintillator

S, S S S A R SR

€0 g - Naphthalene (Recrystallized)
L g - Q,S-Diphem,rloxazole,[PPO], (Seintillation Grade)

#0.2 g = 1,k=bis~2-(L4-Methyl-5~-Phenyloxazclyl)-Benzene, [Dimetm'l POPOPJ
(Seintillation Grade)

100-ml -~ Methanol, Abs. Anal. Resagent
20 ml - Ethylene Glycol, Anal. Reagent

Dissolve the ahove materiale in pure p-Dioxane and dilute to 1 liter
volume with more p-Dioxane.

*Dimethyl POPOT was substituted for the POPOP used ir Bray's original
formula.

The dimensions of the apparatus are such that with the motor removed
the apparatus will pass through the door (7-1/2 X 9-1/2 in.) of a con-
ventional glove box, and that after assembly the apparatus can be easily
operated therein.

In order to correlate surface counting with the amourt of activity
removed from the surface by contact, a slide chamber {Fig. 10) and a
special planchet plate (Fig. 11) are used. The contaminated planchet is
first counted in the chember, ther placed in a cut-out on the adapter
plate and the surface is contacted under fixed conditions. The amount
of activity removed is determined by scintillation counting as previously
Cescribed, and the planchet is recounted in the chamber,
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EVALUATION OF APPARATUS

Determination of Sampling Precision

The sampling precision of the apparatus was evaluated by placing
known amounts cof non-volatile activity, Pml 3, on a specific area of
surface and then removing a portion of the activity by contact with the
sample roller.

The material used rlfor the precision test was a plate of optical
aquartz. The surface was degreased with alcohol, washed with distilled
vater, and dried in an oven at 200°C. e plate was removed and brought
to room temperature. 2 ¥ 10° 3/m of Pmi*3 (in dilute HC1l) were carefully
pipetted onto each of five strips maried out on the surface of the plate.
Pipetting was so done that the small drops of activity were distributed
uniformly within the marked strips. The contaminated surface was dried
carefully in air. Each strip, containing a known amount of contaminant,
was then sampled with a fresh sample roller. A precision of + 2 % vas
ovtained for the five measurements.

Poorer precision was obtained in cases of sampling relatively coarse-
textured nonuniform surfaces contaminated with tritium activity. Runs
made with a washed carbon steel plate exposed to a tritium-containing
atmosphere gave a precision ot + 25 %. Runs made on the reverse side of
the same plate using a swabbing technique gave a precision of + 65 %.

The poxer precision obtained with the cwabbing technique is mainly due to
the swabs' sampling unequal areas.

The large difference in precision between the quartz surface and the
metal surface is attributed primarily to the cobserwved noruniformity of
the latter surface. The possible variation in tritium volatility on dif-
ferent areas of a given contaminated metal was not independently deter-
mined.

Effect of Ethylene Glycol Evapcration from Sample Roller

In order to determine the ethylene glycol loss on the roller and to
evaluate its effect on tne amount of tritium removed by contact, as well
as the effect of wvater absorbed by the ethylene glycol on the counting
sensitivity of the scintillant, the following measurements wers made.
The welght loes in air of ethylene glycol from s dampened roller was
determined as a function of time and found to be less than 2 % for open
air evaporation during the evaporation period from €0 to 300 minutes

13



after dampening (Fig. 12). This small loss of ethylene glycol did not
measurably affect the surface contact sampling results. Ethylene glycol
was used as a component of the scintillant solution (Table 2).

Initially the ethylene glycol on the roller will absorb some water
if 1t is not already at equilibrium with the water vapor in the eir. The
magnitude ot this absorption is shown by the initial portion of the curve
in Mg. 12. No measurable quenching of the scintillant due to the small
amount of water absorbed in the glycol was observed.

Performance Test Runs

To determine whether the apparat:s could be used to measure the
effect of a dirt-oil coating on tritium adsorption, surface contact
measurements were made on both a washed and an umnwashed surface. The
structural steel plates obtained for use as samples had a coating of
dirt and oil on each side, The resuits are shown in Table 3. It appears
that there are several orders of magnitude more of tritium activity re-
moved from the dirty surface than frcm a clean surface. This is probably
because much more tritium is initially adsorbed by the dirtier surface.

Measurements were also made on a third (unwashed) sample which had
noticeably more dirt on one side than the other. It was d-<termined for
this sample that significantly more tritium was ausorbed on the dirtier
side. The erfect of different exposure times on the results was not
determined, However, 1t has been established that there 18 no sigrifi-
cant change in the total asmount of tritium adsorbed or & washed struc-
tural steel surface when exposure times were varied from 15 min to 4 hr.*

Other measurements perforwed with the apparatus consisted of samp-
ling different surfaces as & function of time after exposure to tritium.
Data for these surfaces and their coatings are listed in Table 4. The
general procedure followed was to mmltiply sample one area of the surface
with fresh rollers at varicus times after exposure, while sampling other
areas of the same surface only once at intervals spread over the total
sampling period (usually 3 hr). The reralts of these "contact desorption"
measurements for pyrex glass, structural steel, carbon steel, and various
surface coatings are summarized in Figs. 13-1C.

The results for the pyrex glass surface show that three orders of
magnitude less of tritium activity 1s removed by contact than from
the other surfaces, It was not determined whether less tritium activity

W . R. Balkwell, D. A. Kubose, "The Determination of the Total Tritium
Activity Adsorbed on the Surface of Various Metals as a Function of
Tritium Exposure Concentrrtion and Exposure Time,” U. S. Navel Radiolo-
gical Defense Laboratory, USNRDI-TR, to be published.
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Fig. 13 Contact Desorption of Tritium From Glass
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TABLE 3

Tritivm Contact Removel From Washed and Unwashed Surfaces of Structural
Steel

T e e e e e e -

Sample  Toluene and Original#* Exposure  Amount of Tritium
Hot Water Exposure Time Removed for a
Wash Before Concentration (days) Single Contact
Exposure (me To/cm3) vith Surface
(he/m?)
1 yes 0.028 3 9 x 10'6
2 no 0,028 1 1.2 x 1072

*Each contaminated sample flushed with several atmospheres of clean air
before sampling surface.

is initially adsorbed on pyrex. The relative removal of tritium activity
by "contact desorption" compared to that by desorption aione is greater
for pyrex than for the metal and painted surfaces.

For the metal and painted surfaces the single contact and multiple
desorption processes were esserntially identical, i.e., multiple contact-
ing of the surface d4id not significantly alter the inherent desorption
process. The amount of tritium activity removed by contact from the
painted surfaces is about an order of magnitude less than that removed
from tne bare metal surface. Agein, it was not established whether this
was due to less initial adsorption of the activity on the painted surfaces
relative to the bare metal surface.

CONCLUSION

The results presented in this report are representative of the kind
of measurements that can be performed with the apparatus described. The
amount of tritium removed from a surface by direct contact cen be deter-
mined for single or mltiple contacts with the contaminated surface.
Surface contact desorption measurements can be made to determine the time
required to attain surface contact desorption equilibriur. Evaeluation

=1
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of the efficlency of various decontamination procedures from the stand-
point of removal of surface countamination can also te studied. The
effectiveness of various solvents for adsorption of surface activity may
alsc be analyzed by varying the solvent on the roller. No doubt, there
myy be other unforeseen applications of this apparatus, particularly in
%“he field of health physics.
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